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SUMMARY 

The d e v i c e  p r e s e n t e d  i n  t h i s  pape r  is  a novel  approach t o  performing m u l t i p l e  
s u r f a c e  t empera tu re  measurements. T h i s  device--Thin F i l m  Thermal Array (TFTA)--is 
composed of e i g h t  i n t e g r a t e d  c i r c u i t  t he rma l  s e n s o r s  a r r a n g e d  i n  a 2 x 4 a r r a y  on a 
0.002" Kapton f i l m .  The s e n s o r s  are monitored through an e igh t - channe l  i n t e g r a t e d  
c i r c u i t  m u l t i p l e x e r  a l s o  mounted on t h e  Kapton f i l m .  The TFTA was c o n c e p t u a l i z e d ,  
des igned ,  and f a b r i c a t e d  in-house. 

The TFTA was mounted on a f l a t  p l a t e  a i r f o i l  and wind-tunnel t e s t e d  i n  t h e  
Ins t rumen t  Research D i v i s i o n ' s  v e l o c i t y  c a l i b r a t i o n  f a c i l i t y .  The t e s t  was 
conducted t o  s t u d y  t h e  performance of t h e  d e v i c e  as compared t o  embedded 
therinocouples. The r e s u l t s  of t h e  tests i n d i c a t e d  t h a t  t h e  TFTA is  a v i a b l e  method 
o f  o b t a i n i n g  a n  a r r a y  of s u r f  ace t empera tu re  measurements. 

F i n a l l y ,  recommendations f o r  improvement of  t h e  TFTA a r e  provided f o r  f u t u r e  
a p p l i c a t i o n s  and c o n f i g u r a t i o n s .  

I NTKODUCTIO N 

The measurement of s u r f a c e  t empera tu res  has  been and is  s t i l l  a n  impor t an t  
t he rma l  pa rame te r  f o r  aerodynamic r e s e a r c h ,  a n a l y s i s ,  and d e s i g n .  S u r f a c e  
t empera tu re  measurements of t u r b i n e  b l a d e s ,  n u c l e a r  r e a c t o r  c o r e s ,  e l e c t r o n i c  
c o n t a i n e r  s u r f a c e s ,  e tc .  are a l s o  impor t an t  and r e q u i r e d  f o r  e f f e c t i v e  des ign .  

Knowledge of t h e  s u r f a c e  t empera tu re  of a i r f o i l s  p r o v i d e s  fundamental  
i n f o r m a t i o n  t o  t h e  ae rodynamic i s t  i n  s t u d y i n g  s p e c i f i c  wind-tunnel model 
c o n f i g u r a t i o n s .  I n  o b t a i n i n g  t h i s  t ype  of the rma l  d a t a ,  care must be t a k e n  t o  
p r e v e n t  d i s t u r b a n c e  of t h e  flow around t h e  a i r f o i l .  Second, t h e  measurement must b e  
made w i t h  minimal i m p a c t  on t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  a i r f o i l .  P r e s e n t  
t e c h n i q u e s  f o r  i n s t r u m e n t i n g  a i r f o i l  models f a l l  i n t o  tw basic categories [ 11 : 
( 1 )  s u b s u r f a c e  i n s t a l l a t i o n s  and ( 2 )  i n s e r t a b l e  p l u g  i n s t a l l a t i o n s  ( f i g .  1 ) .  Sub- 
s u r  Eace i n s t a l l a t i o n s  require d e l i c a t e  machining t echn iques  t o  i n s u r e  c o n s i s t e n t  
d e p t h ,  d i a m e t e r ,  a n d  smoothness of t h e  c a v i t y .  Once t h e s e  f a c t o r s  are accomplished 
t he s e nso r- - t he rino coup 1 e ,  d iod  e ,  p l a  t i nwu res i s t a n  ce t h e  rrnoine t e r , e t c . --mus t be  
i n s e r t e d  w i t h  t h e  ac t ive  s e n s i n g  element  f l u s h  t o  t h e  bottoiu of t h e  c a v i t y  t o  s e n s e  
t h e  s u r f a c e  t empera tu re .  F i n a l l y  t h e  s e n s o r  and l e a d  wires nust be s e c u r e d  wi th  a 
p o t t i n g  material which i s  t h e r m a l l y  and s t r u c t u a l l y  compa t ib l e  w i t h  t h e  model 
material. It shou ld  be noted t h a t  t h e  t empera tu re  measured u s i n g  t h i s  method can b e  
c o r r e c t e d  t o  o b t a i n  t h e  a c t u a l  s u r f a c e  t e m p e r a t u r e  of t h e  model t h rough  i n v e r s e  h e a t  
t r a n s f e r  methods [ 2 ] .  

The i n s e r t a b l e  plug t e c h n i q u e  a l s o  r e q u i r e s  d e l i c a t e  machining of t h e  model t o  
i n s u r e  p r o p e r  f i t  and ease of i n s t a l l a t i o n .  A s e n s o r  is i n s e r t e d  i n s i d e  t h e  p l u g  o f  
inaterial which has t h e  same material c h a r a c t e r i s t i c s  as t h e  model. I n  some cases 
the s e n s o r  is i n s e r t e d  f l u s h  t o  t h e  s u r f a c e  of t h e  p lug  and i n  o t h e r  a p p l i c a t i o n s ,  
i t  is j u s t  below t h e  s u r f a c e .  The plug is then  i n s e r t e d  i n t o  t h e  model f l u s h  w i t h  
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t h e  aerodynamic s u r f a c e .  From a h e a t  t r a n s f e r  s t a n d p o i n t  t h e r e  is a thermal  
d i s c o n t i n u i t y  between t h e  p lug ,  t h e  model, and t h e  bonding material. This 
d i f f e r e n c e  nust be addres sed  t o  o b t a i n  t h e  most a c c u r a t e  s u r f a c e  t empera tu re  
m e  a s u  re m e  n t . 

The two t echn iques  d i s c u s s e d  r e q u i r e  many of t h e s e  s e n s o r s  t o  be i n s t a l l e d  t o  
o b t a i n  a the rma l  p r o f i l e  of a s u r f a c e .  The q u a n t i t y  of s e n s o r s  r e q u i r e d  
n e c e s s i t a t e s  e x t e n s i v e  m o d i f i c a t i o n  of t h e  model's s u r f a c e  and creates a large 
number of s e n s o r  l e a d  wires e x i t i n g  the  model. The re fo re  t h e  o b j e c t i v e  o f  t h i s  
r e s e a r c h  was t o  deve lop  a s e n s o r  t h a t  would: ( I )  a c c u r a t e l y  c a p t u r e  an a r r a y  of 
s u r f a c e  t empera tu re  d a t a  wi thou t  m o d i f i c a t i o n  t o  t h e  model surface and (2 )  r educe  
t h e  number of s e n s o r  l e a d  wires e x i t i n g  t h e  model. 

SENSOR REQUIKEMENTS 

T h e  t a s k  of deve lop ing  a s e n s o r  t h a t  would a c c u r a t e l y  o b t a i n  an a r r a y  of 
sur face  t empera tu re  ineasureinents w i thou t  s u b s t a n t i a l l y  a l t e r i n g  t h e  s u r f a c e  b e i n g  
measured prompted a n  e x t e n s i v e  l i t e r a tu re  s e a r c h  t o  de t e rmine  i f  such a d e v i c e  
e x i s t e d .  It was dec ided  t h a t  t h e  d e v i c e  would have t h e  €allowing c h a r a c t e r i s t i c s :  

- s e n s i n g  elements  would have t o  be very t h i n  
- s e n s i n g  e l emen t s  would be mounted on a very t h i n  s u b s t r a t e  which would 

- t h e  number of s e n s i n g  e l emen t s  would be f l e x i b l e  to  accommodate a n y  

- t h e  d e v i c e  would u s e  t i m e - d i v i s i o n  n u l t i p l e x i n g  t o  monitor t h e  

- f a b r i c a t i o n  of t h e  d e v i c e  would accommodate v a r i o u s  c o n f i g u r a t i o n s  f o r  

- s i g n i f i c a n t  r e d u c t i o n  i n  l ead  wires e x i t i n g  t h e  model. 

minimize d i s t u r b a n c e  of  the boundary l a y e r  of a i r f o i l s  

a p p l i c a t i o n  

s e n s i n g  e l emen t s  on t h e  s u b s t r a t e  

d i f f e r e n t  a p p l f c a t i o n s  

No d e v i c e  o r  s e n s o r  t echn ique  t o  accomplish t h e  t a s k  was found and i t  was d e c i d e d  t o  
f a b r i c a t e  t h e  d e v i c e  in-house. F i g u r e  2 shows t h e  o r i g i n a l  concept  o€  t h e  d e v i c e  
f o r  measuring t empera tu re  d i s t r i b u t i o n s .  The concept  €eatures an a r r a y  o f  
s i x  s e n s o r s  a t t a c h e d  t o  a t h i n  s u b s t r a t e .  The s e n s o r  s e l e c t i o n  p r o c e s s ,  t h e  
s u b s t r a t e  d e t e r i n i n a t i o n ,  and t h e  s e l e c t i o n  of o t h e r  components was t h e  nex t  s t e p  i n  
t h e  d e s i g n  phase €o r  t h e  thermal  s e n s o r  array. 

THE DESIGN 

An i n v e s t i g a t i o n  was conducted t o  de t e rmine  t h e  s u b s t r a t e  m a t e r i a l ,  t ype  of 
t r a n s d u c e r ,  and o t h e r  a s s o c i a t e d  e l e c t r o n i c  components. Tlie r equ i r emen t  f o r  
t empera tu re  measurements on con toured  s u r f a c e s  s t r o n g l y  i n f l u e n c e d  t h e  s e l e c t i o n  of 
t h e  s u b s t r a t e  material. It was dec ided  t h a t  t h e  s u b s t r a t e  should be f l e x i b l e  i n  
o r d e r  t o  conform t o  i r r e g u l a r l y  shaped s u r f a c e s .  Kapton was s e l e c t e d  as t h e  
m a t e r i a l  f o r  t h e  s u b s t r a t e  because i t  can  be made very t h i n  and f l e x i b l e ,  has  a h i g h  
t empera tu re  t o l e r a n c e  t o  accommodate t h e  metal d e p o s i t i o n  p r o c e s s ,  and is 
e l e c t r i c a l l y  nonconductive.  This was t h e  f i r s t  a t t e m p t  by Lang ley ' s  
M i c r o e l e c t r o n i c s  Development Labora to ry  t o  d e p o s i t  p r i n t e d  w i r i n g  on a t h i n  f i l m  of 
Kapton and was s u c c e s s f u l .  
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I -  

F 

The t empera tu re  s e n s o r  s e l e c t e d  f o r  t h e  a r r a y  was t h e  AD590 i n t e g r a t e d  c i r c u i t  
i n  c h i p  form. This  d e v i c e  is a two-terminal ,  m o n o l i t h i c  I C  t r a n s d u c e r  whose 
c h a r a c t e r i s t i c s  are d e s c r i b e d  by Timko [31. 
m u l t i p l e x i n g ,  accu racy  and r e p e a t a b i l i t y ,  p h y s i c a l  s i z e ,  t e m p e r a t u r e  r ange ,  and 
r e l i a b i l i t y .  The AD590 produces a n  o u t p u t  c u r r e n t  p r o p o r t i o n a l  t o  a b s o l u t e  
t empera tu re .  In i t s  working range,  t h e  d e v i c e  acts  as a h i g h  impedance c u r r e n t  
s o u r c e  whose o u t p u t  h a s  a t e m p e r a t u r e  c o e f f i c i e n t  of l p A / O C .  For t h i s  a p p l i c a t i o n ,  
t h e  AD590 has  s e v e r a l  advantages over  more c o n v e n t i o n a l  s e n s o r s  such a s  
thermocouples ,  t h e r m i s t o r s ,  PRTs , etc. S p e c i a l  l i n e a r i z a t i o n  c i r c u i t r y  r e q u i r e d  by 
t h e r m i s t o r s ,  p r e c i s i o n  v o l t a g e  a m p l i f i e r s ,  and c o l d  j u n c t i o n  compensation used w i t h  
thermocouples ,  and r e s i s t a n c e  measuring c i r cu i t s  f o r  P R T ' s  are no t  necessary.  
Because of i t s  h igh  impedance c u r r e n t  o u t p u t ,  t h i s  d e v i c e  i s  i n s e n s i t i v e  t o  v o l t a g e  
d r o p s  o v e r  l ong  l i n e s  making i t  p a r t i c u l a r l y  u s e f u l  i n  remote s e n s i n g  
a p p l i c a t i o n s .  The o u t p u t  c h a r a c t e r i s t i c s  a l s o  make t h e  d e v i c e  easy t o  m u l t i p l e x  
which i s  a d e f i n i t e  advantage i n  t h e  p r e s e n t  a p p l i c a t i o n .  The AD590 i n  c h i p  form 
has t h e  fo l lowing  m i n i m u m  s p e c i f i c a t i o n s  f o r  t h e  a b s o l u t e  e r r o r  o v e r  t h e  o p e r a t i n g  
t e m p e r a t u r e  range O E  -55 OC t o  +1.51) OC 141:  

It was chosen because of ease of 

* N o n l i n e a r i t y  ..................................... f 1.5 OC m a .  
* R e p e a t a b i l i t y  .................................... f 0.1 OC max. 
* Long Term D r i f t  .................................. f 0.1 OC max. 

The s e n s o r  a r r a y  w i l l  be c a l i b r a t e d  and an o u t p u t  s i g n a l  ve r sus  t empera tu re  
r e l a t i o n s h i p  f o r  e a c h  s e n s o r  w i l l  be o b t a i n e d .  Th i s  p rocedure  w i l l  e f f e c t i v e l y  
e l i m i n a t e  i n a c c u r a c i e s  a s s o c i a t e d  w i t h  t h e  e r r o r s  i n  a b s o l u t e  t empera tu re  r e a d i n g s  
and n o n l i n e a r i t i e s .  Thus, r e p e a t a b i l i t y  and long  term d r i f t  become t h e  most 
i m p o r t a n t  pa rame te r s  i n  de t e rmin ing  o v e r a l l  accuracy.  Even i n  t h e  wors t  case 
combinat ion of r e p e a t a b i l i t y  and long  term d r i f t ,  t h e  maximum e r r o r  i n  measurement 
i s  w i t h i n  0.2 OC of  c a l i b r a t e d  va lues .  

F i g u r e  3 shows a s i m p l i f i e d  c i r c u i t  of a s i n g l e  channel  t empera tu re  s e n s o r  
i l l u s t r a t i n g  how t h e  temperature dependent c u r r e n t  is conve r t ed  i n t o  a v o l t a g e  a t  
t h e  end of a long,  remote s e n s i n g  l i n e  by m u l t i p l y i n g  t h e  c u r r e n t  by a 10 K!d 
p r e c i s i o n  r e s i s t o r .  It shou ld  be noted t h a t  t h e  r e s i s t a n c e  of t h e  s e n s i n g  l i n e s  h a s  
no e f f e c t  on t h e  temperature dependent c u r r e n t  and, consequen t ly ,  o u t p u t  v o l t a g e .  
It i s  a l so  observed t h a t  t h e  o u t p u t  v o l t a g e  a t  25 OC (298 K) i s  t y p i c a l l y  2.98 v o l t s  
a n d  h a s  a temperature v a r i a t i o n  of 10 mV/OC.  
v o l t a g e  a n d  t e m p e r a t u r e  c o e f f i c i e n t  of v o l t a g e  are  easy to  measure d i r e c t l y  o r  t o  
c o n v e r t  t o  d i g i t a l  d a t a  by an AID c o n v e r t e r  f o r  i n p u t  t o  a computer. 

T h e s e  r e l a t i v e l y  large v a l u e s  of 

Because of  i t s  c o s t s ,  s i z e ,  and e lec t r ica l  p r o p e r t i e s ,  t h e  AD590 is a n  i d e a l  
d e v i c e  f o r  u s e  i n  a mul t ip l exed  a r r a y  of  t empera tu re  s e n s o r s .  Figure 4 d e p i c t s  such 
a n  a r r a y  which u s e s  a CD4051B CMOS m u l t i p l e x e r  (MUX) c h i p  t o  s e l e c t i v e l y  s w i t c h  
between e i g h t  d i f f e r e n t  AD590 c h i p s .  The CD4051B is capab le  of s w i t c h i n g  a t  speeds  
t y p i c a l l y  less  t h a n  10 nanoseconds p e r  channe l  so t h a t  t h e  s e n s o r s  can  be scanned a t  
a very h igh  rate. The maximum speed w i l l  be l i m i t e d  p r i m a r i l y  by t h e  speed of t h e  
d a t a  a c q u i s i t i o n  system. This c i r c u i t  was f a b r i c a t e d  on a 0.002 i n c h  t h i c k  f l e x i b l e  
Kapton s u b s t r a t e .  Figure 5 i s  a photograph of t h e  completed a r r a y  showing t h e  
e i g h t  s e n s o r  c h i p s  and t h e  m u l t i p l e x e r  ch ip .  F i g u r e  6 is a n  enlargement  of a 
p o r t i o n  of t h e  a r r a y  d i s p l a y i n g  d e t a i l s  of t h e  m i c r o f a b r i c a t i o n  t e c h n i q u e s  such as 
s u b s t r a t e  c o n s t r u c t i o n  and thermoconyression bonding used t o  i n t e r c o n n e c t  t h e  c h i p s .  
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I TESTING 

The thermal  d e v i c e  i n  i t s  f i n a l  form was t e s t e d  on a f l a t  p la te  a i r f o i l  i n  t h e  
IKD c a l i b r a t i o n  f a c i l i t y .  The a i r f o i l  shown i n  f i g u r e  7 is made of s t a i n l e s s  s tee l  
and is ins t rumen ted  w i t h  s u b s u r f a c e  0.005" chromel-alumel thermocouples and a 
r e c e s s e d  s u r f a c e  mounted h e a t e r  s t r i p .  The thermocouples are  l o c a t e d  a long  t h e  
c e n t e r l i n e  of  t h e  model and t h e  h e a t e r  i s  p o s i t i o n e d  l a t e r a l l y  a c r o s s  t h e  f r o n t  o f  
t h e  a i r f o i l .  The purpose of t h e  h e a t e r  is t o  i n t r o d u c e  a thermal  g r a d i e n t  i n t o  t h e  
a i r f o i l .  Th i s  g r a d i e n t  i s  then  sensed by t h e  t h i n  f i l m  a r r a y  and t h e  embedded 
thermocouples.  

I Test Se t-up 

I The a r r a y  was p o s i t i o n e d  on t h e  a i r f o i l  as shown i n  f i g u r e  5 so  t h a t  a 
comparat ive s t u d y  could be conducted. 
o p e r a t i o n a l  f o r  t h e  tests,  however, on ly  f o u r  sensors--8,  7, 6 ,  and 3--were i n  
l o c a t i o n s  t h a t  corresponded t o  t h e  t h r e e  embedded thermocouples ( f i g .  8) .  The 
a i r f o i l  was then  mounted i n  t h e  IRD v e l o c i t y  c a l i b r a t i o n  f a c i l i t y .  This f a c i l i t y  i s  
a low-speed, o p e n - c i r c u i t  wind t u n n e l .  Th i s  f a c i l i t y  has  a 30 cm x 40 cu1 tes t  
s e c t i o n  and can a t t a i n  flow speeds between 3.5 and 80 m / s .  Speeds of 5, 10, 
and 15 m/s were used i n  t h i s  e v a l u a t i o n  w i t h  i n p u t  power t o  t h e  a i r f o i l  h e a t e r  of 
0.1, 0.2, and 0.3 amperes f o r  each  speed. A l l  thermocouple d a t a  were o b t a i n e d  and  
r eco rded  w i t h  a F l u k e  da ta  logge r  system which inc luded  a 2090A i n d i c a t o r ,  a 20300A 
20-channel s c a n n e r ,  and a L030A programmable p r i n t e r .  A f r e e  stream thermocouple  
was a l s o  monitored d u r i n g  t h e  test .  The d a t a  logg ing  sequence began w i t h  t h e  a i r  
f low speed a t  5 m / s  and t h e  200 ohm h e a t e r  a c t i v a t e d  w i t h  a 0.1 ampere cu r ren t .  
Once t h e  f ree  stream thermocouple and a l l  embedded thermocouple t empera tu res  
s t a b i l i z e d ,  array s e n s o r  o u t p u t  d a t a  were c o l l e c t e d .  Subsequent tes ts  were r u n  
u s i n g  0.2 and 0.3 amperes h e a t e r  c u r r e n t s .  The same procedure was used w i t h  flow 
speeds  of  10 and 15 i d s .  

S i x  of t h e  e i g h t  AD590 s e n s o r  c h i p s  were 

Test  R e s u l t s  

A t  t h e  beg inn ing  of t h e  t e s t  a b a s e l i n e  set  of d a t a  was t a k e n  f o r  thermocouples  
and AD590 s e n s o r s  b e f o r e  f low o r  h e a t e r  c u r r e n t  was implemented (Tab le  1 ) .  It was 
d i s c o v e r e d  t h a t  a t t achmen t  wires were broken a t  s e n s o r  #6 d u r i n g  i n s t a l l a t i o n  of  t h e  
t e s t  bed i n t o  t h e  c a l i b r a t i o n  f a c i l i t y  and i t  could not  be i n c l u d e d  i n  t h e  da t a .  
The base l i n e  d a t a  i n  Table 1 shows t h a t  t h e  TFTA v a l u e s  are h i g h e r  by 0.05 OC t h a n  
t h e  thermocouple v a l u e s  because t h e  c a l i b r a t i o n  was no t  performed p r i o r  t o  
t e s t i n g .  
amp h e a t e r  c u r r e n t .  The TFTA v a l u e s  a r e  lower h e r e  because e q u i l i b r i u m  was not  
e s t a b l i s h e d  beEore d a t a  was t aken ,  however t h i s  problem was c o r r e c t e d  f o r  l a t e r  
d d t d .  The ave rage  b a s e l i n e  temperature f o r  a l l  t h e  s e n s o r s  was 17.19 OC w i t h  a 
sf-aiiddrd d e v i a t i o n  o f  f 0.05 OC. 

a i r  f low were a c t i v a t e d ,  10 t o  15 minutes was r e q u i r e d  t o  l e t  t h e  t empera tu res  of 
t h e  embedded theriaocouples s t a b a l i z e  be fo re  d a t a  c o u l d  be taken.  
1 1  d e p i c t  t h e  g e n e r a l  t r e n d  of how t h e  t empera tu res  of t h e  AD590's and t h e  
thermocouples compare. The t empera tu res  are i n  c l o s e  agreement w i t h  r e s p e c t  t o  
t h e i r  l o c a t i o n  f o r  a l l  speeds  and h e a t e r  i n p u t s .  Tab le  2 shows t h e  d i f f e r e n c e  
between the  thermocouple and t h e  AD590 f o r  a l l  tes t  c o n d i t i o n s .  It can be s e e n  t h a t  
t h e  maximum d i f f e r e n t i a l  between t h e  t h i n  f i l m  s e n s o r s  and t h e  thermocouples was 
0.55 OC and t h e  minimum d i f f e r e n t i a l  was 0.05 OC. 

This behav io r  is  c o n s i s t e n t  throughout  t e s t i n g  excep t  a t  15 m / s  f o r  0.1 

It was observed t h a t  once t h e  h e a t e r  c u r r e n t  and 

F i g u r e s  9 t h r o u g h  
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I n  summary, t h e  agreement between t h e  r e f e r e n c e  thermocouples and t h e  t h i n  f i l m  
the rma l  s e n s o r  a r r a y  was e x c e l l e n t .  

F u t u r e  Improvements 

C o n s i d e r a t i o n  of a l t e r n a t e  c o n E i g u r a t i o n s  for t h e  measurement of s u r f a c e  
t e m p e r a t u r e  p r o f i l e s  d i c t a t e s  t h a t  a l t e r n a t i v e  t empera tu re  s e n s o r s  and s u b s t r a t e  be 
i n v e s t i g a t e d .  S e v e r a l  c a n d i d a t e  thermal  s e n s o r s  cou ld  be used t o  accomplish t h e  
in e as  u r eme n t s : 

- M i n i a t u r e  s i l i c o n  semiconductor  t empera tu re  s e n s o r s ,  [51  which are much 
smaller than  t h e  AD590. The s e n s o r  is 0.08'' x 0.0075" x 0.0006" t h i c k  
and has  a nominal o u t p u t  of approximately 0.5 v o l t s .  

t h e  AD590. The dimensions of t h i s  s e n s o r  are 0.065" x 0.05" x 0.02" 
t h i c k  and h a s  a nominal o u t p u t  of approx ima te ly  0.5 v o l t s .  

- Thin f i l m  thermocouples of p u r e  metals could be vacuum d e p o s i t e d  on t h e  
s u b s t r a t e  t o  produce a n  u l t r a - t h i n  s e n s o r  a r r a y .  The o u t p u t  would b e  
i n  t h e  m i l l i v o l t  range. It is important  t o  no te  t h a t  thermocouple 
materials t h a t  are not  pure metals would not  be s u i t a b l e  because  t h e y  
a re  not  r e p r o d u c i b l e  once vapor i zed  and d e p o s i t e d  on a n o t h e r  s u r f a c e .  

- Thin f i l m  p la t inum r e s i s t a n c e  thermoineters 161 which are  smaller t h a n  

Other  s e n s o r s  which p rov ide  low p r o f i l e s  and r e p e a t a b l e  c a l i b r a t i o n s  cou ld  be u s e d  
i n  t h i s  device.  

An a l t e r n a t i v e  s u b s t r a t e  material could be t h e  model i t s e l€  i€ t h e  
c o n f i g u r a t i o n  would a l l o w  d e p o s i t i o n  of c i r c u i t  pa ths .  However, i f  t h e  model i s  a n  
e l e c t r i c a l l y  conduc t ive  material ,  a nonconductive c o a t i n g  nust be d e p o s i t e d  b e f o r e  
t h e  c i r c u i t  i s  d e p o s i t e d .  

F i n a l l y ,  t h e  packaging of t h e  TFTA's s e n s o r  should be p r o t e c t e d  from damage by 
c o a t i n g  t h e i r  s u r f a c e s  w i t h  a s u i t a b l e  cove r ing .  

CONCLUSION 

A d e v i c e  des igned  t o  c a p t u r e  a n  a r r a y  of s u r f a c e  temperatures on aerodynamic 
models has  been developed. Th i s  d e v i c e  c o n s i s t e d  of a ma t r ix  of e i g h t  i n t e g r a t e d  
c i r c u i t  chips--AD5Y0, mounted on a 0.002" Kapton f i l m .  These c h i p s  were a r r anged  i n  
a n  a r ray  and  a r e  IwLtlpLexted u s i n g  an i n t e g r a t e d  c i r cu i t  i m l t i p l e x i n g  chip--CD4051B, 
t o  o r g a n i z e  t h e  d a t a  c a p t u r i n g  t a s k .  The d e v i c e ' s  d e s i g n  reduces t h e  number o f  
s e n s o r  l e a d  wires e x i t i n g  from t h e  model. The d e v i c e  was t e s t e d  i n  t h e  IRD V e l o c i t y  
C a l i b r a t i o n  F a c i l i t y  a t  5, 10, 15 m/s  u s i n g  embedded thermocouples  as r e f e r e n c e s .  
T h e  r e s u l t s  of t h e  t e s t  showed t h e  d e v i c e  t empera tu res  compared very w e l l  t o  t h e  
thermocouples w i t h  v a r i a t i o n  from 0.55 OC maximum and 0.05 OC minimum. 

F u t u r e  d e s i g n s  f o r  t h i s  d e v i c e  can i n c o r p o r a t e  d i f f e r e n t  s e n s o r s ,  o t h e r  
s u b s t r a t e s ,  and s u b s t r a t e  c o n f i g u r a t i o n s  s u i t e d  t o  t h e  a p p l i c a t i o n .  
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TABLE 1 

I n d i c a t e d  T e m p e r a t u r e  
o f  

T h e r m o c o u p l e  (T/C) vs  T h i n  F i l m  Thermal A r r a y  (TFTA) 

T/C TFTA 
# 1 #8 - 

C u r r e n t  
OC OC ----- (amp) 

0 17.20 17.25 

0.1 18.20 
0.2 20.80 
0.3 22.90 

0.1 19.60 
0.2 20.40 
0.3 22.20 

0.1 19.70 
0.2 20.80 
0.3 2 1.90 

18.35 
21.15 
23.25 

19.55 
20.75 
22.75 

19.55 
20.95 
22.15 

T/C TFTA 
a 2 # 7 

~ OC OC 
17.10 17.15 

17.80 17.95 
19.60 19.95 
21.10 21.45 

19.20 19.25 
19.60 19.85 
20.80 21.25 

19.30 19.25 
20.00 20.15 
20.70 20.95 

T/C TFTA 
#3 # 3 ------- 

A i  r 
---- O C  S p e e d  OC 

17.20 17.25 0 m / s  
(Baseline) 

17.80 17.95 
19.10 19.35 5 m/s 
20.30 20 .45  

19.10 19.15 
19.30 19.35 10m/s 
20.20 20.45 

19.3 19.25 
19.7 19.75 15m/s 
20.2 20.25 
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TABLE 2 

D i f f e r e n t i a l  T e m p e r a t u r e  
of  

T h e r m o c o u p l e  (T/C) vs  T h i n  Film Thermal  A r r a y  (TFTA) 

(TFTA - T/C) (TFTA - T/C) (TFTA - T/C) 
# 8 I! 1 I/ 7 I/ 2 3 I/ 3 

C u r r e n t  A i  r 
SP eed - - ~ -  OC OC OC (amp) ___- 

0.1 0.15 0.15 0.15 
0.2 0.35 0.35 0.25 5 m/s 
0.3 0.35 0.35 0.15 

0.1 0.05 0.05 0.05 
0.2 0.35 0.25 0.05 10 ids 
0. 3 0 .55  0.45 0.25 

0.1 0.15 0.05 0.05 
0.2 0.15 0.15 0.05 15 m / s  
0.3 0.25 0.25 0.05 
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